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INTRODUCTION

The Oyster Creek Generating Station (OCGS) of Jersey Centfal Power
and Light Co, is a 620 MWe boiling water reactor which has been in
commerical operation since December 1969, It is located 3.2 km inland
from Barnegat Bay in Lacey Township, New Jersey. Oyster Creek and the
South Branch of Forked River have been modified‘as a discharge and intake
canal, respectively (Fig. 1). When OCGS is in operation, the flow in the
South Branch of Forked River ié always upstream toﬁard 0CGS, and the flow
in Oyster Creek is always downstream toward Barnegat Bay. Tidal range at
the mouth of Oyster Creek is 0.15 m (U. S, Atomic Energy Commission,

AEC 1974).

~Barneg§t Bay is a relatively large (surface area 16,714 ha), shallow
(average depth l.SIm)vestuary (AEC 1974). The eastern Bay comntains
extensive shoals (depth 0.2 t& 0.9 m); the central and western Bay is
deeper apd ranges from 1.2 to 3.7 m (National Oceanic and Atmospheric
Administrafion, NOAA 1976). Interchange ofvwater between the Atlantic
Ocean and the Bay is limited and 6ccurs through Barnegat Inlet which is
narrow (Makai 1973, Carpenter 1963). Normal tidal range in Barnegat Bay
is 0.3 m (Makai 1975). |

Several studies of Barnegat Bay and OCGS were conducted prior to
those undertaken by Ichthyological Associates, Inc. (I.A.). Makai (1973)
reported on the physicochemical parameters of upper Barmegat Bay, and

Halgren (1973) conducted a study on the recreational usage of the upper

- Bay. Wurtz (1969), Marcellus (1972), and McClain (1973) reported on the

T T T

il

T

e



fishes of the Bay. Wurtz (1972) also reported preliminary findings on
impingement of fishes and crabs at 0CGS. Wurtz (1965, 1971) conducted
brief studies of zooplankton and ichthyoplankton in limited portions of
the Bay, and Sandine (1973) studied the condition of microzooplankton
entrained at OCCS. ‘Rutgers University investigated the benthic
invertebrates and benthic algae (Loveland et al. 1966-1972, 1974);

this work was reviewed by Vouglitois (1976).

Since 8 September 1975, I.A, has conducted studies to determine
and assess the biological impact of OCGS and its discharges and has
made general ecological surveys of Barnegat Bay, Oyster Creek, and
Forked River. Data éollected from September 1975 through August 1978
were reported by Tatham et al, (1977a, b; 1978a, b) and Danila et al,
(1979) . This report presents data from impingement and entrainment
sampling programs”and from fin; and>shellfisﬁ éoliections made at‘
selecged stations in Barnegat Bay from September 1978 through March 1979.
Since this document.serves primarily as a progress report, the emphasis
is on presentation of the data rather than extensive analyses.’

Impingement and fisheries studies emphasized fin- and shellfish
designated as important by the U. S. Environmental Portection Agency
(EPA) and the U, S. Nuclear Regulatory Commission (NRC). These were
the Atlantic menhaden, bay anchovy, Atlantic silverside, threespine
stiﬁklebaék, northern pipefish, striped bass, bluefish, weakfish,
northern kingfish, summer flounder, winter flounder, northern puffer,

sand shrimp, and blue crab. The life history of most of these species

e

were reported by Tatham et al. (1977a, 1978a). The common and scientific




names of all vertebrates and invertebrates taken by the impingement and
fisheries programs are given in Tabies 1 through 3.

Emphasis in the plankton program was also placed on forms designated
as important by the EPA or NRC. Important macrozooplankton were the

ctenophores Mnemiopsis leidyi and Beroe spp., the arrowworms Sagitta

elegans and Sagitta spp., the sand shrimp Crangon septemspinosa, grass

shrimp Palaemonetes spp., the mysids Neomysis americana and Mysidopsis

bigelowi, polychaete epitokes and individuals less than 1 mm, and blue
crab zoeae and megalopae. Important ichthyoplankton included the eggs
and larvae of the Atlantic menhaden, bay anchovy, threespine stickleback,
northern pipefisﬁ, striped bass,(bluefish, weakfish, northern kingfish,

summer flounder, winter flounder, and northern puffer,

oy
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IMPINGEMENT OF FISHES AND MACROINVERTEBRATES
ON THE TRAVELING SCREENS

Gerald J. Miller and Donald J. Danila
Introduction

Since September 1975, Ichthyological Associates, Inc. has studied the
effect of the impingement of organisms on the vertical traveling screeﬁs
which protect the intake to the OCGS circulating-water system. Impingement
data have been reported from 8 September 1975 through 2 September 1978
(Miller 1977, 1978, 1979b). Data presented here are a continuation of
those studies and include collections from 3 September 1978 through
31 Ma;ch 1979. The objectives of these studies were to determine the
species composition and- abundance of‘orgahiéms'impinged.on the OCGS screens
and their survival rate when returned to Barmegat Bgy. An evaluation of

these losses on the populations in Barnegat Bay was discussed by JCP&L (1978).
Materials -and Methods

Samples of impinged organisms were taken from the sluiceway after the
last traveling screen and from the sluiceway pit (Fig. 2). Physicochemical
parameters, which included air and watef'temperature, salinity, dissolved
oxygen, and pH, were recorded with each collection, A 45.7 x 50.8 x
61.0-cm wire basket (10.7-mm mesh) was used to collect.organisms from the
sluiceway (Sta. 8) to determine their condition, A 101.6 x 101.6 x 121.9-cm
wire basket (10;7—mm mesh) was used to collect organisms from the sluiceway

pit.
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Samples were usually taken two nights a week during two periods;
period 3 was from sunset to 6 h after sunset and period 4 was from 6 h
after sunset to sunrise, After the screens were washed at the beginning
of the sampling period, the pit sampler was lowered into place.
Subsequently, the screens washed automatically either every hour or when
the pressure differential across the screens reached a critical level.
Automatic screen washes usually involved about two complete rotations
of the screens and lasted for approximately 20 min. Screen washes
triggered_eithef.manually or by differential pressure lasted from 10
to 11 min. )

After the screens had washed for 1 min, the sluiceway sampler was
inserted. After 1 min or less, depending on the abuﬁdance of organisms,

2 sorting table.

it was removed and the organisms were placed on a 3.9-m
The sluiceway sampler was replaced, and the procedure repeated until a

maximum of six, l-min samples was taken during the screen wash. For

20-min screen washes, the sluiceway sampler was used only during the

- first 11 min of the wash.

Collections from the sluiceway sampler were rapidly processed on the
sorting table. Fishes were placed into water in insulated coolers, and
crabs were placed into 10-liter plastic buckets. The condition (live/
dead/damaged) of the organisms was éetermined 5 to 10 min after the last
sluiceway sample was taken. Live denoted a specimen which had n§ apparent
damage and which was swimming normally. Damaged specimens were alive
(opercular movement in fishes) but had external damage or abnormal behavior.

Dead fishes showed no opercular movement, and dead invertebrates showed

DR TR I a4 £




no movement of either appendages or mouth parts. Condition sémpies were
taken until the program was terminated on 5 February 1979.

Organisms washed from the screen and not collected in the sluiceway
sampler passed into the pit sampler. At the end of the screen wash, the
pit sampler was removed and the specimens were processed. Whenever
necessary, the number and weight of abundant species were estimated
volumetrically in the following manner. After all the less numerous
species were removed from the sample, the remaining debris.and abundant

organisms were thoroughly mixed and a known volume removed. The number

‘and welght of the abundant species in this subsample were determined and

were used to estimate their number and weight in the total sample.
When the screens washed frequently or continuously, it was not always

possible to collect all impinged organisms because the screen wash would

have overflowed the pit sampler. To avoid this, the pit sampler was

removed before it overflowed,'and some portion of the screen wash was
missed. If this occurred, the portion of the screen wash that Qas sampléd
was used to estimate the total number and weight of organisms impinged
during that periocd.

For a week, estimated impingement during a period (W,) was calculated

by the formula:

W, =2t
a s
P, = actual or extrapolated number or weight of specimens
impinged in a period during a week.
s = number of times a period was sampled during the week.

The sum of the estimated weekly impingement at night during each of

the two periods was the total weekly impingement estimate at night, A

B LA A ) 4141 i
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Hewlett-Packard 9830A programmable calculator was used for data compilatidn
and statistical ahalysis.

Stratified sampling with optimal allocation (Snedecor and Cochran 1967)
was used to estimate the total number of organisms and number of specimens
of various species impinged during the 7 months. The mean number impinged

during the 7 months (Y4.) was estimated by the formula:

oo = ) [[vary] - %]

Na = number of sampling units in stratum a,

N = nuﬁber of sampling units in all strata
sampled.

Y;‘ = sample mean in stratum a.

The strata were the two time periods sampled during the night. The sampling
pnit size was 1 h, and‘each sample mean was expressed as the number of
specimens impinged per hour. This sample mean was derived by dividing the
number of individuals taken from all samples collected during a time periqdl
by the total duration of these samples. This weighted mean of the number
impinged per hour was used as a single sample because the durationlof
individual samples in é time period was unequal.

The total number of individuals impinged at night during the 7 months

(Y) was computed by the formula:

Y=YsttD.T

the number of days the OCGS screens operated

D=
. during the 7 months.
T = 13,3 (daily average hours of darkness for the

7 months sampled).

B b A bt 14 | i S




R

Results and Discussion

A total of 228 collections was taken from 3 September 1978 through
31 March 1979 with 105 collections taken in period 3 and 123 collections
in period 4 (Appendix Table 1). No collections were taken between
‘19 September and 21 November because OCGS was shut down.

Physicochemical parameters associated with each collection were

summarized weekly (Table 4). Typical seasonal trends in water temperature

and dissolved oxygen were apparent. Weekly mean bottom water temperature

- declined from 23.4 C in early September to 0.3 C in mid-February. The

temperature increased rapidly in March and reached 9.6 C during the last
week of the month. The dissolved oxygen concentration generally varied

inversely with temperature; the greatest mean value (13.9 ppm) was

recorded in late February through early March. The mean bottom salinity '

ranged from 15.5 to 16.0>ppt in September, 17.3 to 20.5 ppt from mid -
November through early March, and 9.3 to 12.3 ppt for the remainder of

March, The latter decrease probably resulted from the spring snowmelt

and increased precipitétion. The weekly mean of pH values were 7.5 to 8.1,

An estimated 4,221,475.i’659;998 fish and macroinvertebrates (90 taxa)

that weighed 25,141 + 6,905 kg were estimated by the stratified sampling

method to have been impinged at night (Table 5; Appendix Tables 2 through 4).

Most (7?%) of the biomass impinged consisted of fish (19,441 + 6,837 kg);
5,701 + 977 kg (23% of the biomass) were comprised of invertebrates
(Table 5). However, fish (65 taxa; 453,383 + 93,426 individuals) made
up only 11% of all organisms. The invertebrates (25 taxa; 3,768,091 +

598,267 individuals) dominated the catch numerically.
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The most numerous fishes were the Atlantic silverside (n=135,625; 30%
of the total catch of fish), winter flounder (128,883; 28%Z), and blueback
herring (83,849; 187%). The threespine stickleback (4%), American eel (4%),
and nortbern pipefish (4%) were also common. The most iﬁportant fish by
weight was the Qinter flounder (17,084 kg) which made up 88% of the fish
biomass., The Atlantic menhaden (4%), Atlantic silverside (3%), and
blueback herring (27%) comprised most of the remaining fish biomass.

Although the sand shrimp was the most numerous macroinvertebrate
impinged.(n=3,302,364; 887% of the macroinvertebrates), it comprised only
53% of the macroinvertebrate biomass (3,013 kg). Fewer blue crab (45,937; lZ)
were impinged, but it was important by weight (2,372 kg; 42% of the
macroinvertebrate biomass). The grass shriﬁp (11% by number, 3% by weight)
was the only other abundant macroinvertebrate.

Weekly impingément esfimateé were determined but these were not-used'
to estimate total impingement for the 7-month period (Tables 6 through 8).
Moét impingement of a species occurred during a few weeks over a relatively
small temperature range as species abundance and impingement were related
to water temperature (Table 9). Most (85%) of the impinged fish were
collected from 10 Decémber through 10 February which included most of
the Atlantic silverside (89%) aﬁd winter flounder (84%). Most (92%) of
the Atlantic silverside were impinged at a water temperature of 2 to 8 C,
and 8% of the winter flounder were taken from -1 to 5 C. Some 80% of the
blueback herring were impinged from 10 December through 6 January, and
most (95%Z) of the threespine stickleback were collected from 21 January
through 17 March. During 1 week (4 through %Q‘February) most (97%)

American eel were taken. These specimens were glass eels (Hardy 1978) of
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about 50 to 60 mm in length and contributed little (4.8 kg) to the
biomass.

Similarly, 86% of the sand shrimp and grass shrimp were taken from
10 December through 17 February.. Most (80%) of the sand shrimp were
impinged at a water temperature of O to 8 C and 95% of the grass shrimp
were taken at O to 12 C. However, 88% of the blue crab were impinged
from 3 through 23 September, most at 18 to 25 C.

From 24 through>30 December, the largest number of specimens (6,050)
were impinged per hour of darkness and from 17 through 23 September the
least number of specimens (13) were impinged (Table 10)., The maximum

impingement per 10 million liters of circulating water flow (598 specimens)

»occurred from 17 through 23 December and the least (5)- from 17 through

23 September. However, only two circulating water pumps were on from

17 through 23 September.

Some 3,952 specimens were examined for condition (Table 11; Appendix
Table 5). Most (68%) specimens were live, 22% were damaged, and 9% were

dead. The bay anchovy (46% dead), Atlantic silverside (13%), and blueback

herring'(13%) comprised 81% of the dead fish. Less than 1% of the winter

flounder were dead, but 41% were daméged. The sand shrimp had a mortality
of 147 aqd the blue‘érab 3z.

Although OCGS was shut down for about 2 of the 7 months in which
sampling was conducted, some comparisons may be made with a similar 7-month
period in 1977-78 (Miller 1979a). Only 228 collections were made in 1978-79
that produced 90 taxa as compared to 363 collections in 1977-78 (111 taxa),
but an estimated 315,000 additional specimens and About 6,000 kg mdre

biomass were impinged from September 1978 through March 1979. Similar
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percentages of fish (9Z in 1977-78, 11% in 1978—79) and invertebrates
(91%, 87%) were taken in both periods. The greatest difference was in
the catch of winter flounder. An estimated 128,883 winter flounder
(17,084 kg) were impinged in 1978-79 as compared to 22,710 individuals
(4,404 kg) in 1977-78. The number of winter flounder impinged has
increased each year since 1975-76 and this was probably related to the
large year-classes prodﬁced from 1976 through 1978 (Danila 1977a,

Metzger 1979). However, weather ahd plant operating conditiomns also

have affected impingement of winter flounder to some degree (Danila 1978b).
As for example, Danila (1978b) reported that a smaller mean number of
screens and greater number of circulating‘pumps in operation at OCGS in
combination with colder water temperatures probably resulted in greater
impingement of winter flounder in 1976-77 than in 1975-76. Thomas and
Miller (1976) noted increased impingement at 0CGS associated with strong
northeast winds and storms.

Lérge decreases in the number of Atlantic menhédep (72%), bay anchovy
(93%), weakfish (96%), and blue crab (78%) also occurred between 1977-78 and
1978~79. Greatest impingement of thesekspecies during the September
through March period usually occurs in October and November, Consequently,
most of the differences in impingement between years was probably due to
the OCGS shutdown. The.382 decfeasé in estimated biomass of blue crab
from 1977-78 (3,798 kg) to 1978-79 (2:372) was less than the 787% decrease

in number which indicated that mostly larger crabs were impinged in the

_ latter period. The spot also is impinged mostly in the fall, but the

number of spot present in the Bay in 1978 was significantly less than in

1977. Fewer than 100 were impinged in 1978-79 as compared to an estimated
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58,688 for 1977-78 (Miller 1977a). This species typically demonstrates large
yearly variations in abundance in the mid-Atlantic region (Joseph 1972).
Maximum impingement of the blueback herring, Atlantic. silverside, sand
shrimp, and grass shrimp occurs from mid-November through early February and
thus the 1977-78 and 1978-79 periods are largely comparable fof these species,
Each of these species was impinged‘in larger numbers in 1978-79 than in
1977-78. These increases may have been due to their greater abundance in
1978—79. However, as with winter flounder, weather and plant operating
conditions probably influenced imgingement to some degree, A small decrease

(277 kg) in estimated biomass of sand shrimp actually occurred between the

periods and although 1.7 times as many grass shrimp were taken, only an 11%

increase in weight was recorded. Larger numbers of smaller individuals

of both spécies may have been impinged in 1978-79 than in 1977-78.
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IMPINGEMENT OF FISHES AND MACROINVERTEBRATES
ON THE PROTOTYPE RISTROPH SCREEN

Gerald J, Miller
Introduction

Since September 1975, Ichthyological Associates, Inc. has determined
the species cémposition, abundance, and mortality of organisms impinged
on the vertical traveling screens that precede the intake to the
circulating water system, In an attempt to mitigate these mortalities,
JCP&L has planned the installation of a continuously rotating traveling
screen modified with a low pressure épray wash and fish recovery and
return system (i.e., Ristroph screen). |

-'A study to determiﬁe the efficiency of the Ristroph screen in
reducing fish and macroinvertebrate impinéement mortality was begun in
May 1978 with the installation of a prototyﬁe‘screen at 0CGS (Miller 1979c).
The main objective of this program was to compare the condition (live,
damaged; dead) of organisms impinged on the Ristroph screen to that of
organisms impinged on the conventional traveling screens at OCGS! In
addition, the effectiveness of the low pressure spray in ;emoving
organisms from the Ristroph screen‘was determined. This report covers
data collected from 28 Novémber 1978 through 9 January 1979, when the
program was terminated. No data were collected from 15 September through

28 November due to a scheduled OCGS shutdown.
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Materials and Methods

- Samples were‘taken in the upper (live) and lowér (debris) troughs
which ran from the rear of the Ristroph screen to the sluiceway in front
of the screen (Fig. 3). As many sets of samples as practical were taken
once a week from sdnset to 6 h after sunset. During the week of
24 December, an additional set of samples was taken because more fish
were impinged at that time,

With the Ristroph screen washing continuously, a 100 x 60 x 20-cm
metal ffame with ;‘l—m long section of nylon netting (l-cm stretch mesh)

was placed in the live trpugh. Simultaneously, an identical sampler was.

placed in the debris trough. After 1 min or less, depending on the

abundance of organisms, the two samplers were removed, and organisms

2 sorting table. Most organisms from each

were processed on a 0.8-m
trough were placed in water in separate insulated coolers, but crabs

were placed in separate 10-liter piastic buckets. The sémplers were then

replaced, and the procedure repeated usually until a maximum of 10 samples

was taken from each trough. Less than 10 samples were taken only if the

number of organisms collected reached the holding capacity of the coolers.

When few specimens were iipinged, an additional sample was taken-by
placing the samplers simultaneously in the twobtrougﬁs for a period of
30 min. This was only done once during the present reporting period.
About 5 min after a set of samples were collecfed, the condition
(live, damaged, dead) of the specimens was.determined. Live denoted a

specimen which had no apparent damage and which was swimming normally.
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Damaged specimens were alive (opercular movement in fishes) but showed
external damage or abnormal behavior, Dead fish showed no opercular
movement, and dead invertebrates showed no movement of either appendages
or mouth parts.

The efficiency of the low pressure spray in removing organisms from
the screen was expressed as the percentage of the specimens taken in the
live trough., Data from collections made to determine condition. of

organisms were used to examine the effectiveness of the low pressure spray.
Results and Discussion

A total of 54 samples (total sampling time of 560 min) was taken
from 28 November 1978 through 9 January 1979 (Appendix Tables 6‘and 7);
of the 4,479 speéimens impinged, most (91%, n=4,058) were invertebrates
and 9% (421) were fish. 'Tﬁé sand shrimp (94% of tﬁe invertebrates)

comprised 85% of the specimens collected. The winter flounder (37% of

the fiéh), naked goby (17%), northern pipefish (12%), and Atlantic

silverside (10%) made up 76% of the‘fish iﬁpinged (Table 12).

Only 19% of the fish and 31% of the invertebrates were washed. into
the live trough and this indicated that the spray pressure was too low
for proper operation. Previous sampling (18 August to 15 September 1978)
showed that about 73% of the specimens impinged were washed into the live
trough after a valve that increased the live trough spray pressure was
installed (Miiler 1979¢). Before the valve was installed, 56% of the
organisms impinged were washed into the live trough. Of the invertebrates

in the present study, 32% of the sand shrimp and 21% of the grass shrimp
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were washed into the live trough. Some 29% of the northern pipefish; 24%
of the Atlantic silverside, 13% of the naked goby, and 13% of the winter
flounder were washed into the live trough.

The condition of 3,821 invertebrates and 414 fish was determined
(Table 13). The mortality from both troughs combined was higher for
fish (21%) than for invertebrates (4%). Representative mortalities from
both troughs combined were 13% dead for the Atlantic silverside, 27% for
the fourspine stickleback, 4% for the northern pipefish, and 83% for the
naked goby. No winter flounder weré dead and only 6% of the grass shrimp
and 4% of the sand shrimp were dead. The results obtained for specimens
washed into the debris trough reflected those for both troughs combined as
most épecimens were washed into the debris trough and few into the live
trough.

Mdrtalities are higher when more specimens afe wasﬂed into tﬁe debris
trough than into the live trough becauée of the greater spray pressﬁre for
the debris trough. However, combined mortalities for both troughs were
lower than those found fof the conventional traveling screens with the
winter flounder (0% for the former, 0.8% for the latter)? grass shrimp
(6%, 11%), and sand shrimp (4%, 14%). Nevertheless, data presented here
and previously (Miller 1979c) indicate a need to adjust for proper spray
pressures in both the live and debris troughs to achieve maximum survival

of organisms with the Ristroph screen.
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FISHES, THE SAND SHRIMP, AND THE BLUE CRAB TAKEN AT
SELECTED STATIONS IN WESTERN BARNEGAT BAY

Donald M. Byrne
Introduction

This report covers investigations conducted from Septgmber 1978
through March 1979 which are a continuation of studies conduqted iﬁ western
Barnegat Bay since September 1975. The objectives of these studies are
to determine the species composition and relative abundance of fishes,
the sand shrimp, and the blue crab in western Barnegat Bay and the efféct
of the OCGS heated discharge on the distribution of these organisms at
the mouth of Oyster Creek. Data from these studies may be compared With
thosé of earlier invéstigatiohs (Marcellﬁs i972; ﬁcClaih 1973; Danila 1977,
1978a, 197§) to assess yeérly differences:in the fish community of western

Barnegat Bay.
Materials and Methods

Monthly samples were collected by trawl.and seines from the mouth
of Cedar Creek (Sta. 1), Forked River (4), Oyster Creek (17), and Double
Creek (23) from September 1978 ‘through March 1979 (Fig. 1, Table 14). All
stations were sampled during the day, aﬁd stations at Forked River and
Oyster Creek were also sampled at night, between 1 and 4 h after sunset.
In January, however,‘ice prevented seining at Cedar Creek and in February
only Oyster Creek was sampled by seine because ice cov;red all the other

stations and dredging activities prevented access by boat for trawling.
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Two consecutive 5-min hauls of a 4.9-m semiballoon otter trawl were
made at each station. The trawl had a 4.9-m headrope, 5.8-m footrope,

and 61,0 x 30.5-cm doors. It had a 3.8-cm nylon stretch mesh body and a

3.2-cm stretch mesh codend fitted with a 1.° stretch mesh inner liner.

It was towed at 1,600 rpm from a 6.4-m MonArk‘ ork boat, and an average

haul covered 771.75 m2. The second haul was made after the first collection

was processed on board.

Two hauls of a 45.7 x 2.4-m nylon bag seine (1.3-cm stretch mesh)
were made, one Before and one after two collections with a 12.2-x 1.5-m
(0.6~cm stretch mesh) seine. Each haul was made in an area adjacent to
and not overlapping the location previously sampled. The 45.7-m seine was
éet in a semicircle from a 4.3-m aluminum boat with both net ends at or near

shore when the net was fully deployed, The net was then pulled to shore

by hand. An average haul covered approximately 3,300 m?. The 12.2-m seine

was set by holding one brail stationary at the water's edge and sweepiné
the fully extended net through the water in a-seﬁicircle. The area covered
was 223 m2.

The fish and invertebrates collected in each sample were counted and‘
released. Fish that could not be identified in the field were returned to
the laboratory; uncommon species were preserved in 10% formalin and stored
in 407% isopropanol in a voucher collectionm. Invertebrates other than sand
shrimé and blue crab were identified in the field to the lowest practical
taxon. These other speciles of invertebrateé were counted or estimated, and
their relative abundance categorized as rare (1 to 10 individuals or

colonies), occasional (11 to 100), common (101 to 1,000), or abundant

(> 1,000).
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Results and Discussion

From September 1978 through March 1979, 11,755 fish (30 species)
were collected by frawl and seines (Table 15; Appendix Tables 8 through 10).
The most numerous species (1% or more of the total catch) were the Atlantic
silverside (n = 4,675, 39.8%), bay anchovy (4,404, 37.5%), fourspine
stickleback (860, 7.3%), blueback herring (333, 2.8%), winter flounder
(313, 2.7%), northern pipefish (250, 2.1%), and mummichog (187, 1.6%).

Most fish (n = 10,020, 85.2%) were collected from September through
December, and the number taken in each of these months ranged from 1,768
(15.2%) to 3,274 (28.2%). The numbers taken by traﬁl and 12.2-m seine
were similar; each gear accognted for 40.7 (n = 4,788) and 40.3% (4,735)

v

of the total, respectively (Tables 16 and 18). Although it covered 14
times the area of the 12.2jm seiné, the 45.7—m seine caught only about half
as many fish (n = 2,232, 19.0% of total) because its larger mesh permitted
the escape of the smaller, more numerous fishes, esPecially-the Atlantic
silversiﬁe (Table 17).

The species composition of the catch by each gear was similar. Of
those fishes represented by 15 or more individuals, only three were not
common to all gears; the striped killifish (n = 25) was not collected by
trawl, and the alewife (49) and oyster toadfish (83) were not taken by
12.2-m seine. Although the seven most numerous species were taken by all
gears, one gear accounted for 607 or more of the total catch of each.

Most bay anchovy (n = 3,837, 87.17%) and winter flounder (219, 70.0%) were
collected by trawl, the majority of Atlantic silverside (3,569, 76.3%),
fourspine stickleback (525, 61.0%) and mummichog (163, 87.27) were taken

by 12.2-m seine, and most blueback herring (261, 78.4%) and northern
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pipefish (185, 74.0%) were taken by 45.7-m seine. A rare species, the

opossum pipefish (Oostethus lineatus), was collected by 45.7-m seine in

September near the mouth of Double Creek. This is the first time it has
been taken duriqg ecological sampling for OCGS. Only 87 specimens have
previously been recorded from the United States, with MeClellanville,
Sbuth Carolina the previous northernmost location (Gilmore 1977).

Some 37,503 sand shrimp and 474 blue crab were collected during the
study period. Most sand shrimp were taken in December (n = 20,516, 54.7%)

and most blue crab in September (159, 33.5%) and October (123, 25.9%).

About half of all sand shrimp were taken by trawl and each seine accounted

for about 25% of the total. Most blue crab were taken by 45.7-m seine
(n = 291, 61.4%).

In paired day-night collections made at Oyster Creek and Forked River,

the catch at night (all gears combined) was. generally larger than during

the day (Table 19). For all samples combined, more fish (68.5%), sand
shrimp (86.3%), and bluelcrab (67.3%) were taken at night than during
the day. Cétches of the seven most numerous fishes were 1.8 (mummichog,
northern pipefish) to 5.2 (blueback herring) times greater at night than
during‘the day.:

A comparison of the monthly daytime catches at each of the four
stations showed that the catch at Oyster Creek was generally smaller than
the catches at the.other stations until January (Table 20). From September
through December, the catch at Oyster Creek accounted for only 2.6 to 17.1%
of the monthly totals, but in January and March it represented 54.0 and

43.7%, respectively.
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Danila (1978a) reported that when OCGS was in operation,.more fish

and blue crab were taken in Oyster Creek than in comparable areas of
Forked River, and largest differences occurred in spring, fall, and winter.
When OCGS was not in operation, however, the catch in both. areas was

generally similar. The comparatively larger catches in Oyster Creek in

January and March during this study, therefore, were probably the direct .
result of the resumption of the OCGS heated discharge in mid-December.
Except for 8 to 13 December, OCGS was shut down from 16 September to

19 December and heated water was not discharged into Oyster Creek. Average

water temperature at the Route 9 bridge was 7.2 C (range of 6.1 to 8.3 C)

T

the week of 1 through 7 December, was 10.3 C from 8 to 13 December; and
reached a low of 2.2 C on 18 December (mean of 4.7 C from 14 to 18 December).
Consequently, the atﬁraction and retention of fishes by the
thef@al plume during fall, a phenomenon reported in previous studies
(Danila 1977, 1978a, 1979), did not occur in 1978 tolthe extent that it L
did previously. _b ' | V e
Danila (1978a) reported that when heated water was discharged during
fall 1976, some warm-water migrants such as Atlantic menhaden, bluefish,
weakfish, spot, and jacks were attracted to and remained in Oyster Creek.
Some’individuals, mainly Atlantic menhaden, bluefish, and spot, successfully
overwintered in Oyster Creek. During fali 1978, however, warm-water migrants
were not taken after October, except for two stragglers collected in
November, one permit (a jack) and one weakfish.
Although the proportion of organisms taken at the mouth of Oyster
Creek increased with the resumption of heated discharge, the number of

<;;> organisms taken remained about the same. The total catch in January and
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March was similar to that in December and the relative increase was '

actually due to a decrease in catch at the other three stations. Thus,
the discharge of warm water during winter apparently maintained some
fishes and invertebrates at Oyster Creek.

Despite the relatively cool water temperatures found in Oyster Creek

during mid-December, some Atlantic menhaden evidently were attracted to
Oyster Creek and remained there to overwinter. A fish kill which occurred
on 15 January 1977 when OCGS shut down accidentally consisted almost
entirely of Atlantic menhaden. The condenser discharge temperature é
decreased from 14.4 to 0.6 C and dead Atlantic menhaden were recovered from F
bthe banks of tﬁe discharge canal abbug_l h 45 min afterwards. Four and
one-half hours after the shutdown, an estimated 200 dead Atlantic menhaden
were observed in the discharge canal. In all, 682 dead Atlantic menhaden
were retrieved from tﬂe edges of the dischéfge'canal and five others were
recovered by trawl. One hundred Atlantic menhaden were measured which
ranged f:oﬁ 165 to 300 mm (mean = 218 mm). Otﬁer species were affected
minimally and included the American shad (1 dead), sheepshead minnow

(1 dead), conger eel (1 dead), fourspine stickleback (several stressed),

. S— e

bay anchovy (1 stressed), and sand shrimp (some stressed and dead; about

20% of all observed). White perch and winter flounder taken by trawl in

the discharge canal were in good condition and exhibited no unusual behavior.
Killifishes, silversides, and the fourspine stickieback collected by

trawl in lagoons adjoining Oysfer Creek were relatively common and also

appeared to be in good condition.
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The discharge of heated water resumed on 19 January and was next
halted on 26 March. The condenser discharge temperature decreased from

24.4 to 10.0 C, but no dead or stressed organisms were observed during

this shutdown.
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LIFE HISTORY STUDIES
Ferdinand Metzger, Jr.

Introduction

Life history studies of 13 species designated as important by the
NRC and EPA began in September of 1975. Beginning in November 1977, only
lengths were recorded from a representative sample of important species

at each of the four stations sampled in the Bay (Fig. 1). The following

is a summary of the data collected from September 1978 through March 1979,
The total number of each species collected and length data were examined.
and compared with the distribution, abundance, and lenéth frequencies
repoftéd during previous life history studies in Barnégat Bay (Tatham.

et al. 1977a, 1978a; Metzger 1979).
Materials and Methods

All individuals or a representative subsample of at least 50 specimens

of the important species taken by seiﬁes and trawl were measured during the

day at each station and again at night at the mouth of Oyéter Creek and
Forked River. The length of all fishes (nearest 1 mm) was measured from the
snout to the distal portion of the céntral rays of the caudal fin. The
distance between the ends of the anterolateral spines of the carapace of

~ the blue crab and the length from the anterior end of the spine on the

antennal scale to the posterior tip of the telson of the sand shrimp were

determined to the nearest 1 mm. Sand shrimp taken by 45.7-m seine were
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not measured as this gear was selective and took only the largest individuals.
All data were compiled and analyzed with a Hewlett-Packard 9830A programmable

calculator.
Results and Discussion

Atlantic menhaden

The Atlantic menhaden is a seasonal resident of Barnegat Bay that is
most common during spring and summer (Kurtz 1978a, Metzger 1979). From
September 1978 through March 1979, only two Atlantic menhaden were collected
(Table 21). These were taken in stter Creek in December and were 175 and
205 mm in length. Although most Atlantic menhaden migrate from the Bay in

fall, many individuals are attracted to the OCGS heated discharge and remain

in Oyster Creek during winter (Danila 1978a). However, OCGS was shut down

September through éarly December 1978 and fewer Atlantic menhaden were

attracted to Oyster Creek during the winter of 1978-79.

Bay anchovy
The bay a?chovy is a seasonal resident of Barnegat Béy that is most
numerous from April to December (Kurtz 1978b). They spawn in the Bay from
June through August and most fish larger than 35 mm are mature (Kurtz 1978b).
A total of 926 bay anchovy was measured atbthe four stations in the
Bay from September through March (Table 22). Mos£ (97.3%) bay anchovy
were taken from September tﬁrough November. Only 26 specimens were
measured after November, and 19 of these were taken'in December at the
mouth of Oyster Creek.
The abundance and temporal distribution of the bay anchovy among the

four stations was similar to past studies in Barnegat Bay (Kurtz 1978b,
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Metzger 1979). Length-frequencies of fish taken at the four stations were

‘similar and monthly mean lengths ranged from 33 to 62 mm.

Atlantic silverside

The Atlantic silverside is a yéar-round resident of Barnegat Bay that
1s most common from ea;ly spring to late fall. It is rarely taken in
January and February (Hoch 1978a). Some 1,150 Atlantic silverside were
measured at the four stations from September throuéh March (Table 23).

The 430 fish at Oyster Creek ranged in length from 30 to 145 mm and had

.a mean length of 78 mm. Fish from the.other three stations included 344

from Forked River that ranged from 35 to 137 mm (mean length of 76 mm) ,

210 from Double Creek (41 to 122 mm, mean of 75 mm) and 166 from Cedar -

Creek (41 to 106 mm, mean of 75 mm)., Few Atlantic silverside were collected

after December at these three stations, but 166 specimens were taken at -
Oyster Creek from Janﬁary through March,

The number and mean length of.Atlantic silverside collected by area
was similar to that found by Hoch (1977a) during 1976-77 and Metzgerv(l979)
during 1977-78. More specimens were taken at the mouth of Oyster Creek
and the distributionAof fish among the other three stations was similar,

The Atlantic silverside was taken in all months only at Oyster Creek.

Threespine stickleback

The threespine stickleback is a seasonal resident of Barnegat Bay

that was less common recently than in past years (Boyle 1978a, Metzger 1979).

It utilizes the Bay for spawning and as a nursery area., During 1977-78,

only six threespine stickleback were collected in Barnegat Bay and all but
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one were taken at the mouth of Forked River (Metzger 1979). From September
1978 through March 1979, only nine specimens were taken in the Bay; all
were adults collected in March (Table 24)f Five of the nine specimens were
taken at the mouth of Forked River, two at Oyster.Creek; and one each at

Cedar Creek and Double Cfeek. They ranged in length from 57 to 65 mm.

Northern éipefish
The northern pipefish is a year-round resident of B;rnegat Bay that

iﬁhabits areas of eelgrass and other vegetation, A.t;tal of 248 specimens
was measured from September through March-(Table 25). Most were taken from
September through November and only 29 weré'collected thereafter. The 103
northern pipefish takgn at the mouth of Forkgd River ranged in length from
58 to 222 mm Qith a mean length of 150 mm, 92 at Double Creek ranged from
59 to 198 mm (156 mm), 29.a£ Oyster Creek wefe from 103 to 205 mm (157 mm),

and 24 at Cedar Creek were from 100 to 210 mm (140 mm)., Moore (1978a)

- reported that during 1976-77 most northern pipefish in Barnegat Bay were

taken from April through October with few caught after November., During
1977-78, most were collected from April through August (Metzger 1979).

During the colder winter months the northern pipefish leaves shallow areas

and thus is less suscéptible to capture,

Striped bass

Although the striped bass 1s important to the sport and commercial

~fishery in New Jersey, few have been taken by fishermen during recent years

in Barnegat Bay., Omn rarevoccasions, striped bass have been observed in the

OCGS heated discharge in Spring and fall (Metzger 1979). Boyle (1978b)
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examined seven striped bass collected in the Bay during 1976-77; only one
specimen was taken in 1977-78. No striped bass were collected from

September 1978 through March 1979.

Bluefish

Young and juvenile bluefish are seasonal residents of Barnegat Bay

from spring through early fall and utilize the area as a nursery. Only a
total of eight bluefish were taken at the four stations in September and
October (Table 26)., All fish were probably young (age 0+) and ranged in

length from 120 to 201 mm, Some 387 bluefish were taken from the same

areas in 1977-78 and all but one specimen were young (Metzger 1978a).
Most young bluefish emigrate from the Bay in September and, therefore,

few specimens were present during most of the sampling period.

~

Weakfish

Young weakfish are seasonal residents of Barnegat Bay from spring
until fall and utilize the Bay as a nursery. Adults are occasionally
taken during the same period. From Septemﬁer to November, 90 weakfish

were measured (Table 27); none were taken after November. Most (n=68)

'
i
t

were taken at Forked River, and they ranged in length from 38 to 139 mm

with a mean length of 90 mm, Twenty-two specimens were taken from the

other three stations: 17 at Oyster Creek (65 to 220 mm, mean of 136 mm),

4 at Double Creek (71 to 130 mm, mean of 10l mm) and 1 at Cedar Creek (74 mm).
The distribution of weakfish among the four stations during the present

study was very similar to that found during 1977-78 in the same areas.

Most fish taken during both years were collected at the mouth of Forked River

and few were taken at Cedar Creek and Double Creek. The age composition of
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weakfish was similar to past studies (Hoch 1978b, Metzger 1979) in that

most fish were young.

Northern kingfish

Thg northern kingfish is primarily a summer resident present from
May through October. Only 11 northern kingfish were collected in the Bay,
and all were taken in September at quked River and Oyster Creek (Table 28).
Eight specimens taken at Forked River ranged in lenéth from 112 to 136 mm
and had a mean length of 125 mm., The three fish at Oyster Creek ranged
from 133 to 158 mm (mean of 144 mm). All fish collected were probably
young based on gr;wth rates fbr the species reported by Schaeffer (1965).

From September 1977 through August 1978, 16 northern kingfish were collected
in the Bay and like the present study, all were young and were taken mostly

at the mouth of Forked River (Metzger 1979).

S.ummer flounder

' The summer flounder enters bays and rivers during late spring and
summer and 15 usually found in Barnegat Bay from April to November
(Metzger 1978b). Only two summer fléunder were collected ;n 1978-79, one

each in September and October at Cedar Creek (Table 29)., They were 240

"and 250 mm in length and were probably age l1+. During the previous year

only five specimens were collected in the Bay, three at Forked River and
two at Oyster Creek, They were ages O+ and 1+, Western Barnegat Bay has
primarily a muddy bottom, which is not a preferred habitat for the summer

flounder,
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Winter flounder

The winter flounder is year-round resident of Barnegat Bay. Most
adults are taken between November and April and young are common during
the summer., A total of 311 winter flounder was measured at the four

stations from September through March (Iable 30). Most spécimens were

young. The 150 fish taken at Oyster Creek ranged in length from 64'to
339 mm and had a mean length of 126 mm., Specimens (n=124) taken at
Forked River ranged in length from 62 to 393 mm (mean of 134 mm), while

the 26 at Double Creek were 66 to 321 mm (148 mm), and the 11 at Cedar ' E
Creek were 63 to 315 mm (160 mm). E

Northern puffer
The northern puffer is found in Barnegat Bay primarily from spring
\} L through early fall. Fifteen épecimens taken at Forked River in September

ranged in length fram 89 to 128 mm and had a mean length of 107'mﬁ

one at Double Creek (140 mm). These specimens were probably young, based -

(Table 31). One northern puffer was taken'at Oyster Creek (120 mm) and L
on lengths reported by Moore (1978b). E

Sand shrimp

| The sand shrimp is one of the most common macroinvertebrates found
in Barnegat Bay and is present ﬁhroughouf the year, A total of 2,352
sand shrimp was measured from September through March and specimens ranged
from 12 to 67 mm (Table 32). The range of lengths and mean lengths for
specimens found at the four stations were similar. The temporal and spatial
distribution of sand shrimp was similar to previous studies in the Bay

;o (Moore 1978¢c, Metzger 1979).
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Blue crab

The blue crab is resident in Barnegat Bay throughout the year but is
active usually‘only from March through early becember. Blue crab taken
from Septembér through March ranged in length from 5 to 188 mm., Monthly
mean lengths were largest at Cedar Creek and Double Creek in the fall
(Table 33). The blue crab was taken in all months sampled at Forked River
and in all months except January in Oyster Creek, but was not taken after

December at Double Creek and Cedar Creek.

B Since 1976, blue crab taken in Barnegat Bay were divided into three

size categories for cbmparison of the age-class structure of the population
samplea each year. The cafegories were dlassified as‘l) recruitﬁent

(<59 mﬁ), 2) growth (60-110 mm), and 3) matufe (2120 mm) blue crab (Miller
et al. 1975). Fewer recruitment-size blue crab were taken in 1977 than in
1976 and this was attribﬁted.ﬁo héaﬁy mortality &uring the severe wiﬁter
‘of 1976-77 (Metzger 1978c). Recruitmen;—size blue crab comprised 57% of
thé population during 1977-78 and this was indicative of the recovery of
the population'(ﬁetzger 19795. During the present study, recruitment-size

blue crabs have remained common (61%).
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ENTRAINMENT OF ORGANISMS THROUGH THE COOLING-WATER SYSTEM
Felicia C, Miller and Kenneth A. Tighe
Introduction

Planktonic drganisms, because éf their relatively small size, pass
through the mesh of the traveling-water screens in front of the intake
to the OCGS circulating-water pumps and travel through the cooling-water
system. During this eﬁtrainment; organisms #re subjected to mechanical,
thermal, hydraulic, and chemical stresses.

The entrainment studies reported here are a continuation of studies
conducted from September 1975 through August 1978 (Sandine et al, 1977,
1978; Miller and Tighe 1979).which included the species composition‘andv(
abundance of macrozooplankton (planktonic invertebrates.>500_microns in

length), and ichthyoplankton.
Materiais and Methods

Samples were taken oﬁce a week starting 2 h after sﬁnset (Period 34)
becausé greater densities of plankton are generally collected at night
(Bridger 1956; Johnson 1957; Tatham et al. 1977b, 1978; Miller.and Tighe 1979).
Collections were also taken once a month during four periods over a 24-h
interval. Period 1 was from 2 h after sunrise to 6 h before sunset, period 2
was from 6 h before sunset to sunset, period 3A was froﬁ 2 to 6 h after

sunset, and period 4 was from 6 h before sunrise to sunrise.
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Samples were taken with a 36-cm bongo sampler (505-micron mesh) to
determine the species composition and abundance of macrozoo- and
ichthyoplankton entrained at OCGS. Collections were taken at the intake
(Sta. 7) and discharge (11) of the circulating-water system (Fig. 2).
The tow at the discharge was made 1 to 5 min after the tow at the intake
to sample the same water mass after’it circulated through the OCGS
cooling-water system. Sampling the same water mass was an attempt to
reduce the large sampling variability associated with the patchy
distributions typical of plankton populations.

The sampling gear was attached to a wire approximately 30 to 38 cm
above a 27-kg weight, and it was deployed and retrieved with a hand winch
mounted on a boom. Two consecutive oblique tows were taken at each
statioﬁ and e;ch tow sampled the entire water column at least once. Tow
duration was usually from 1 to S min, depending upon detrital levels and
abundance of organisgs. Because of the substantially greater current
flow at the discharge, tﬁe tow duration at the discharge was approximately
half that of the intake in order to sample a comparable volume of water.
The volume of water sampled was determined with a digital flowmeter
(General Oceanics Model 2030) centered in the mouth of one side of the
sampler at the discharge and in the mouth of each side of the sampler
used at the intake., Current flow variation (i.e., eddies) at the intake
feSulted in differences in the volume filtered by the two sides of the
sampler at this station. Although both sides of the bongo sampler were
metered separately in collections at the intake, samples from the right

and left sides were combined to make a single collection. Densities were
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then calculated using a éverage of the two volume-filtered estimates.
When.the nets were removed from the water, they were gently rinsed
with either low pressure water from a pump or with water poured from
buckéts.b Samples were preserved in the field using a 5% formalin (2%
formaldehyde) solution buffered with sodium borate, However, when
ctenophores weré abundant, they were counted and identified before
preservation because ctenophores disintegrated in formalin, All other
macrozooplankton and all ichthyoplankton were identified in the laboratory-
at a later date. Most ichthyoplankton were identified to- the species
level with the exception of larval gobies, blennies, and silversides;
these fishes cannot bevidentified to species until the juvenile stage.
All anchovy larvae were classified as bay anchovy since no striped anchovy
eggs were found in plankton collections and’adultlstriped anchovy were’
rarely taken in the Ba&. For collec;ioﬁs‘made at the int#ke, all amphipods,

mysids, and mud crab zoeae were grouped into their respective families.

All forms were identified to species from collections taken at the discharge.

The number of a form-eﬁtrained at OCGS was estimated using stratified
sampling with optimal allocation (Snedecor and Cochran 1967). The mean

number entrained per hour for the year (¥gt) was estimated by the formula:

t

Tse = LW, - ¥)
N
Np = number of sampling units in stratum p.
?p = mean density of a form in stratum p.

2
n

number of sampling units in all strata.

:
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The strata used were day and night. A sample was the mean density
of all the individual towé collected in a stratum multiplied by the volume
of water pumped through OCGS in 1 h on the sampling date. Each sampling
unit was 1 h, and each sample was expressed as the number of a form

entrained per hour because the duration of the individual tows was unequal.

The total number entrained during the year (E) was estimated by the formula:

E = Yg¢ + D - 24h

)
f

number of days the OCGS c1rcu1at1ng—water
pumps operated during the year.

%

Only the density of forms at the discharge was used in calculating E
for macrozooplankton (with the exception of ctenophores) and ichthyoplaﬁkton
collected, Samples from the intake were not used because of the variation
in the volume filtered between the two sides of the bongo sampier.- However;

since ctenophores.are easily fragmented during passage through the

e e

circulating-water system, the total number of ctenophores entrained during
the year was estimated using intake collections,
Immediate mortality determinations were conducted only when selected

ichthyoplankton (e.g., winter flounder) were abundant enough to allow

o

examination of a substantial number of individuals. Samples were taken
with an expansion cone mortality sampler of original design (Fig. 4).
This sampler had a mouth opening of 20-cm expanded to a 36-cm base. It
was fitted with a 333-micron mesh cylinder;cone nylon net, and a 500-ml
plastic cup with a window of 250~mlcron netting was attached as a codend.

The collection techniques employed for these samples were somewhat different

B L N A | |

- than techniques employed during regular sampling. These differences were
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intended to reduce various stresses that may have affected mortality
estimates. The sampler was deployed similarly to that reported for
bongo collections, althouygh the intake and discharge stations were not
sampled simultaneously. The net was thoroughly rinsed before each tow

to prevent contamination of the sample by the previous tow. To further
reduce collection stress and the amount of detritus in the sample, tow
duration was reduced to 1 min or less and the codend was not rinsed. The
sample was immediately taken to a nearby trailer where the condition of
organisms was determined,

For determination of the immediate condition of larval and juvenile
fish, the sample was poured into a glass pan placed in a water bath, This
maintained the organisms near (+ 1C) the collection temperature, Live,
dead, and damaged larvae were separétely preserved; measurements and
enumerations‘were made at a lateé date, Speciménvaere considefed live
if normal mobility was exhibited, dead if no movement was observed, and
damaged if they exhibited abnormal behavioral patterns (e.g., swimming on
théir sides) but(shOWed other vital functions (e;é., respiration, muscular
spasms). A minimum of 25 Specimens of each species per station was
required in order to use the binomial proportion test (Sﬁedecor and
Cochran 1967) to determine significant differences in mortality between
individuals collected at the intake and discharge. Collections were
taken until at least 25 specimens were e%amined at each station or until

a total of 10 tows was taken at each station,
Results and Discussion

Macrozooplankton

A total of 128 macrozooplantkon collections was taken at the intake
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(Sta. 7) and discharge (11) to the OCGS circulating-water system from

1 September 1978 through 31 March 1979 (Appendix Table 11). In comparison

with the previous year, fewer collections were taken during the 7-month

period because little or no water was circulated by O0CGS during a shutdown

from 16 September through 4 December. When water 1is not circulated

through OCGS during shutdowns, the dilution discharge is usually sampled

instead of the cooling-water intake and discharge. However, no collections

were taken at the dilution discharge during this period because the
dilution pump at Sta. 13 was shut down for maintenance. In addition,
regular entrainment collections were not taken at the intake on 8 and
14 February when extremely cold air and water temperatures caused nets
and flowmeters to freeze. Because 0f the stratification and irregular
flow of water in front of the intake, the relative‘abundance and species
composifion of most 200planktoﬁ.reported herein weré based primarily omn
66 collections taken at the discharge in September and from Decémber
through March.

From September through March, an estimated 7;06 X lO9 + 1.64 x 109
organisms were entrained (Table 34), This estimate was considerably
lower than the number entrained (1.93 x lOlo_i 1.97 x 109) during the
same 7-month period in 1977-78 due to the OCGS shutdown and to lower

overall macrozooplankton densities in each month of 1978-79. Mean

monthly macrozooplankton densities at the condenser discharge rahged

from l6.2/m3 in September to 35.9/m3 in March and averaged 21.7/m3

(Table 35). During the previous year, the mean monthly density for the

5 comparable months of OCGS operation was 35.0/m3 (Smith and Swiecicki 1979).

g
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Some 26 taxa represented 95% (by density) of all macrozooplankton
(Tables 36 and 37). Among the most numerous organismé were mysids (32.8%),
amphipods (19.6%) and hydromedusae (13.3%). These forms are typical of the
fall and winter macrozooplankton community in Barnegat Bay (Sandine et al.
1977, 1978; Miller and Tighe 1979).

Neomysis americana comprised most (98.5%) of the mysids collected at

the discharge and occurred in almost every sample (95.5%). Densities of
N. americana were consistently greater at night than during the day which
reflected its diel vertical migration behavior (Téble 38). Therefore,
most of the estimated 2.31 x 109 specimens of N, americana were entrained
at night, The mean monthly deﬁsities of N, americana ranged from 3.l/m3

in September to 12.7/m; in January and averaged 7.0/m3 for the 5 months

sampled, Although this is the lowest mean density recorded for this

ﬁeriod siﬁce saﬁpling begah in 1975, the relative abundance of N. americana
(32.3% of all macrozooplankton) was comparable to that found in 1976-77
(35,32)'and 1977-78 (33.4%) for the 5 months (Séndine et al, 1978, Miller
and Tighe 1979).

The hydrozoan Sarsia spp. was the second most abundant macrozooplankter

and an estimated 8.96 x 108 medusae were entrained. As in past years,

Sarsia was first collected in mid-February when the water temperature was

almost O C. Substantial numbers, however, were not collected until March;

greatest densities were found at water temperatures of 10 and 11 C.

Sarsia spp. averaged 2.9/m3 for the study period and accounted for 13.1%

of all macrozooplankton,

OO e R o]

T T T T AT




39

Zoeae of the-sand shrimp were collected from December through»March
" and an estimated 5.57 x lO8 larvae were entrained., They averaged l.7/m§,
comprised 8.0% of all macrozooplankton, and ranked third in overall
abundance. Most of the larval sand shrimp were stage I zoeae (Sandifer 1972).
However, when the water temperature reached 9.0 C during the last week of
March, densities of larvae increased from less than 3.0/m3 to greater than
20.0/m3 and almost 10% of all larvae taken were stage II zoeae. The abrupt
increase in densities indicated that the major spring spawn of sand shrimp
had commenced.

An estimated 1.42 X 109 amphipods were entrained. Nine taxa were
collected frequént;y and in small numbers during the fall and winter; these

were Ampelisca spp., Gammarus spp., Microdeutopus gryllotalpa, Jassa falcata,

Stenothoidae; Caprellidea, Melita nitida, Corophium tuberculatum, and

Elasmopus levié.

With the exception of Gammarus spp., most of these amphipods have
been relatively common in the previous years of study. In February, '

substantial numbers of large, gravid Gammarus annulatus were collected.

This species is usually found in relatively high salinities such as in the
surf zone or in open coastal areas (Bousfield 1973). G. annulatus occurred
in late February during a period of extreme tidal fluctuation and strong
winds which indicated that considerable exchange of water probably took
place betwgen Barnegat Bay and the ocean. In.subsequent collections many
recently released young of Gammarus spp. were collected which were probably
G. annulétus.

An estimated 3.04 x lO8 specimens of the arrowworm Sagitta spp. were

entrained. They were found from December through March and accounted for
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4.9% of all macrozooplankton. Most of the arrowworms consisted of S. elegans
which is primarily a cold-water, neritic species and the most common species
of Sagitta found along the coast of the eastern North Atlantic (Grant 1963).
Mean monthly densities ranged from 0.05/m3 to 4.77/m3 and averaged 1.l/m3
for the study period, |

The cumaceans, Leucon americanus, Oxyurostylis smithi, and Cyclaspis

varians were collected frequently and in small numbers. The most common
cumacean, L. americanus, was found in 72.0% of all collections and an

estimated 2.01 x 108 specimens were entrained. Mean monthly densities

" ranged from 0.07/m3 to l.4l/m3 and averaged 0.64/m3 (2.9% of all

macrozooplankton), 0. smithi and C. varians were taken less frequently
and in considerably lower densities (mean denstiy of 0.18/m> and 0.08/m3,
respectively),

' An estimated 1.84 x 108‘p61ychaeté larvae were.enffained and they were
the ninth most abundant form. Polychaete larvae were scarce in the fall
and winter; monthli densities ranged from 0.01/m3 to 1.02/m3 and averaged
0.53/m3. During the last week in March, hoWe&er, densities greater than
'4Q/m3 Qere found at the intake at a water temperature of 9 C. Water -
temperatures of 7 to 9 C usually initiate polychaete reproductive activity
in Barnegat Bay (Tatham et al. 1978b)..

An estimated 5.02 x 108 specimens of the ctenophore Mnemiopsis leidyil

were entrained. In previous years, M. leidyi was usually taken from July
to September-or October., However, possibly because of warm water
temperatures in the fall, M. leidyi was collected until the end of January.
Densities were greatest in September (7.4/m3) and then decreased as the

water temperature decreased.
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Ichthyoplankton

Ichthyoplankton were enumerated from the 128 bongo collections taken
at the OCGS intake (Sta. 7) and discharge (Sta. 1l1) during September 1978
and from December 1978 through March 1979 (Appendix Table 12). Sampling
was not conducted during October and November due to the shutdown of OCGS
and the inability to samﬁle the dilution discharge. The following account

is based solely on the 66 collections taken at the discharge due to

possible bias in density estimates at the intake caused by the aforementioned

irregular flow of water there.

The species composition and abundaﬁée of ichthyoplankton from
September 1978 through March 1979 (Tablés 39 and 40) were‘similar to the
samé period during the previous 3 years (Sandine et al. 1977, 1978; Miller
and Tighe 1979). Some 1.66 x 10° + 1.29 x 109 eggs and 1.61 x 109 +

8 larvae and juveniles were estimated entrained during the 5 months

‘5.39 x 10
0CGS was ;n opération (Table 41).

During September, the ichthyoplankton was dominated by larvae and
juveniles of the bay anchovy (Tablé 40) , An estimated 8.37 x 107 were
eﬁtrained during the period (Table 41). Bay anchovy larvae occurred in
22.,7% of the samples and comprised 5.0% of the larvae and juveniles
collected with a mean density of 251/1000 m3 for the period (Table 39).
Juvenile bay anchovy were less common (0,6%Z of the larvae and juveniles,
26/1000 m3). These and the other forms taken in September were produced
during the summer spawning season, The density of juvenile bay anchovy
probably would have been greater if sémpling had been conducted in October

and November since the juveniles are usually dominant during those months

(Sandine et al. 1978, Miller and Tighe 1979).
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The winter—~early spring ichthyoplankton appeared in December and was
dominated by larvae of the sand lance (monthly mean density of 4637/1000 m3)
through January (6323/1000 m3) and February (3233/1000 m3). By March its
densities began to decline (632/1000 m3). Larval sand lance dominated
during the collection period (64.5% of all larvae and juveniles, mean
density of 2965/1000 m3) and occurred in 72.7% of the samples. The number
of sand lance -larvae entrained has increased each year from 3542 X 107 in
1975-76 to 1.26 x 108 in 1976-77 (Sandine et al. 1978), and to 1.53 x 108
in 1977-78 (Miller and Tighe 1979). The estimated number of sand lance
larvae entrained in 1978-79 was 1.03 x lO9 (Table 41). This increase in
entrainment may be attributed in part to a significant increase in abundaﬁce
of sand lance along thg Atlantic coast since 1975 (Meyer et al, 1979). |

Other ichthyoplankton that were dominant dﬁring thg winter—eafly
spriﬁg ﬁeriod of abundaﬁce‘included>the eggé aﬁd lar@ae of the winter
flounder and unidentified fish eggs. Larval.winter flounder were the
second most abundant larvae (28.6%; 1315/1000 m?) and occurred in 27.3%
of the collections. They were first collected in small numbers during
February (monthly mean density of 25/1000 m3) and were abundant during
March (5648/1000 m3). The éstimated number of winter flounder larvae
entrained during this period was 4.72 x 108. This 1s similar to the
4.13 x 108 estimated to have been entrained in 1977-78 (Miller and Tighe
1979). Both estimates were less than the 1.22 x 109 entrained in 1976-77
(Sandine et al. 1978).

Eggs of the winter flounder were the dominant fish egg collected

during the entire period (92.8% of the eggs collected, mean density of
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3693/1000 mg) and they occurred in about half of the samples. Winter
flounder eggs were first taken in January (monthly mean density of
1171/1000 m3), reached maximum abundance in February (9982/1000 m3),
and were still present in high densities in March (7312/1000 m3). Due
to the démersal nature of winte: flounder eggs, those eggs entrained
probably represented a small portion of the total number spawned in the
Bay.

Unidentified eggs were second in abundance during the collection
period (6.6%, 262/1000 m3) and occurred in about a third of the samples.
Unidentified eggs were most abundant during January (723/1000 m;), and -
decreased in abundance during February (429/1000 m3) and Mﬁrch_(lSS/lOOO m3).
Most of the unidentified fish eggs found were probably winter flounder eggs
that could not be definitely identified. This could explain the decrease
in density of unidentified eggé from ﬁonth tbumonth because winterbflounder
eggs‘in later stageé of deyelopment can be more easily identified.

The few other eggs collected and identified during the 5 months of
sampling included those of the bay anchovy and éand lance., No eggs were
collected in December.

Elvers of the American eel were common from January through March and
appeared in 28.8% of the collections. They made up 0.7% of the larvae and
juveniles taken and had a mean density of 32/1000 ms for the period.' An‘
estimated 1.20 x 10/ were entrained. _

Other iéhthyoplankton collected during the period included a few
larval blgnnies, Atlantic cod, gobies, rock gunnel, and summer flounder,
and juvenile northern pipefish and Atlantic menhaden.

Mean densities of the different ichthyoplanktqn forms were calculated

for day and night during each month (Table 42). Comparisons were confounded
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by the larger number of night collections, but two patterns of abundance

~ were evident. Most forms exhibited greater densities at night and included
winter flounder eggs and larvae, American eel elvers, and bay anchovy
juveniles. The greater abundance of eggs at night was probably due to

increased nightime spawning activity. Larvae and juveniles were more

abundant at night probably because of changes in their vertical distribution
or decreased net avoidance. There was no difference between the day and
night densities of larval sand lance. These results were similar to those

reported for the previous 3 years (Sandine et al. 1977, 1978; Miller and

Tighe 1979).

Mortality studies were conducted in March and April (Table 43).
Samples taken at the discharge were divided into those taken when the
plant Was.operating and those taken when the plant was shut down. This
‘enabled an examination‘of‘thé'mechanical effects ofAehtrainmeﬁt separateiy‘

from the combined mechanical-thermal effects. For winter flounder larvae

in March, the mortality at the intake (14%) waé significantly iower than
at the discharge under either an operating or shutdown condition (55% and

247, respectively). However, the difference“between the intake and

discharge when the plant was operating was much greater than the difference

between the intake and discharge when the plant was shut down. Alsb, the

immediate mortality rate at the discharge with the plant operating (55%)

was significantly greater than at the discharge with the plant shut down

(24%). This indicates that mechanical effects alone have much less impact

1T RIFT T

on immediate mortality than combined mechanical and thermal effects. In
April, insufficient numbers of larvae were collected and statistical tests
could not be run. However, examination of the data shows that the percent

mortality for intake (17%) was essentially the same as that for the discharge
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(18%) when the plant was shut down. This indicates that mechanical effécts
probably have little impact on larger winter flounder and most immediate
mortality of large larvae can be attributed to the combined effects of
mechanical and thermal stresses,

For larvae of the sand lance, statistical comparisons were made
for the total number of larvae collected during both March and April.since
insufficient larvae (<25) were collected during March and during the period
in April when the plant was shut down. By combining both months, éufficient
larvae for statistical comparisons were taken at the intake and at ﬁhe
. discharge under both operating and shutdown éonditions. The mortality rate

at the intake (12%) was significantly lower than at the discharge under

either an operating or shutdown condition (72% and 38%, respectively). Also,

the immediate mortality rate at the discharge with OCGS operating (72%) was
'.significantly gréater than at tﬁe dischatgg when it was shut down (58%).
This was similar to the findings with winter floundeg larvae and indicated
that mechanical effects alone had less impact on immediaﬁe méftality than
combined mechanical‘and therﬁal effects. It is impossiblé_to determine |
the impact of thermal effects alone from this data since both mechanical
and thermal stresses probably acted to produce the observed mortalities

when OCGS was in operation.
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 Table 1, Alphabetical listing by common name of all vertebrates collected by fish and impingement

programs from September 1978 through March 1979,

Alewife - Alosa pseudoharengus
American eel ~ Anguilla rostrata
American shad - Alosa sapidissima
Atlantic croaker - Micropogon undulatus
Adantic herring -~ Clupea harengus
Atantdc menhaden - Brevoortia tyrannus
Atlantic needlefish - Swongylura marina
Atlantic silverside - Menidia menidia
Banded killifish - Fundulus diaphanus
Bay anchovy - Anchoa mitchilli

Black drum ~ Pogonias cromis

Black sea bass - Centoprisds swriata
Blueback herring - Alosa aestivalis
Bluefish - Pomatomus saltamix

Blunmose swingray - Dasysds sayi
Butterfish ~ Peprilus wiacanthus

Chain pickerel - Esox niger

Conger eel - Conger oceanicus

Crevalle jack - Caranx hippos

Cunner - Tautggolabrus adspersus
Feather blenny - Hypsoblennius henrtzi
Fourspine stickleback - Apeltes quadracus
Golden shiner - Notemigonus crysoleucas |
Grubby - Myoxocephalus aenaeus.

, Hogchokér - Trinectes maculatus

Inshore lizardfish =~ Synodus foetens

Leopard frog- Rana pipiens

Lined seahorse - H: Hippocampus erectus

Longhorn sculpin - Myoxocephalus octodecemspinosus

Lookdown - Selene vomer

Mud sunfish - Acantharcus pomots
Mummichog - Fundulus heteroclitus
Naked goby - Gobiosoma bosci

Northern kingfish - Mendcirthus saxatilis
Northern pipefish - Syngnathus fuscus

Northern puffer - Sphoeroides maculatus
Northern searobin - Prionotus carolinus
Northern sennet - Sphyraena borealis
Northern stargazer - Astroscopus guttatus
Opossiim pipefish - Oostethus lineatus
Oyster ‘toadfish - ‘Opsanus tau

Permit - Trachinotus falcatus
Pumpkinseed - Lepomis gibbosus
Rainwater killifish - Lucania parva

Red hake - Urophycis chuss

Sand lance - Ammodytes sp.

Scup - Stenotomus chrysops

Seaboard goby - Gobiosoma ginsburgi
Sheepshead minnow - Cyprinodon variegatus
Silver hake - Merluccius bilinearis

Silver perch - Bairdiella chrysura
Smallmouth flounder - Ewopus microstomus
Spot - Leiostomus xanthurus

Spotfin burtterflyfish - Chaetodon ocellatus
Spotted hake - Urophycis regjus

Striped anchovy - Anchoa hepsems
Striped blenny - Chasmodes bosquianus
Suiped cusk-eel - Rissola marginata
Suiped killifish - Fundus majalis

Stiped searobin - Prionotus evolans
Summer flaunder - Paralichthys dentamus
Tautog - Tauwoga onids

Threespine stickleback - Gasterosteus aculeatus

Tidewater silverside - Menidia beryllina
Weakfish - Cynoscion regalis

White mullet = Mugil cuwrema

White perch - Morone americana
Windowpane - Scophthalmus aquosus

Winter flounder - Pseudopleuronectes americanus
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Table 2. Alphabetical listing by scientific name of all vertebrates collected by fish and
impingement programs from September 1978 through March 1979,

Acantharcus pomots - Mud sunfish
Alosa aestivalis - Blueback herring
Alosa pseudoharengus -~ Alewife

Alosa sapidissima = American shad

Ammodytes sp. - Sand lance
Anchoa hepsetus - Striped anchovy

" Anchoa mitchilli - Bay anchovy

Anguilla rostata = American eel

Apeltes quadracus ~ Fourspine stickleback
Astroscopus guttatus - Northern stargazer
Bairdiella chrysura - Silver perch
Brevoorta tyrannus - Atlantic menhaden
Caranx hippos - Crevalle jack
Centropristis striata - Black sea bass
Chaetodon ocellatus - Spotfin butterflyfish
Chasmodes bosquianus - Striped blenny
Clupea harengus - Atlantic herring

Conger oceanicus ~ Conger eel

Cynoscion regalis - Weakfish

Cyprinodon variegatus - Sheepshead minnow
Dasyatis sayi - Bluntnose stingray

Esox niger - Chain pickerel

Eropus microstomus - Smallmouth ﬂounder
Fundulus diaphanus - Banded killifish
Fundulus heteroclitus ~ Mummichog
Fundulus majalis - Swiped killifish

. Gasterosteus aculeatus - Threespine stickleback

Gobiosoma bosci - Naked goby
Gobiosoma ginsburgi - Seaboard goby
Hippocampus erectus - Lined seahorse
Hypsoblennius hentzi - Feather blenny
Leiostomus xanthurus - Spot

Lepomis gibbosus - Pumpkinseed

Lucania parva - Rainwater killifish

Menidia beryllina ~ Tidewater silverside

Menidia menidia - Atlantc silverside
Menticirrhus saxatilis - Northern kingfish
Merluccius bilinearis - Silver hake
Micropogon undulatus - Atlantic croaker
Morone americana - White perch

Mugil curema -~ White mullet
‘Myoxocephalus aenaeus - Grubby

Myoxocephalus octodecemspinosus = Longhorn sculpin

Notemigonus crysoleucas - Golden shiner
QOostethus lineatus - Opossum pipefish
Opsanus tau ~ Oyster toadfish
Paralichthys dentams = Summer flounder
Peprilus wiacanthus - Butterfish

Pogonias cromis - Black drum
Pomatomus saltawix = Bluefish

Prionotus carolinus - Northern searobin
Prionotus evolans - Striped searobin

Pseudopleuronectes americanus - Wintwer flounder

Rana pipiens - Leopard frog

Rissola marginata - Striped cusk-eel
Scophthalmus aquosus - Windowpane °
Selene vomer - Lookdown

Sphoeroides maculatus - Northern puffer
Sphyraena borealis - Northern sennet
Stenotomus chrysops - Scup

Swongylura marina - Atlantic needlefish
Syngnathus fuscus - Northern pipefish

- Synodus foetens - Inshore lizardfish

Tautoga onitis = Tautog

" Tautogolabrus adspersus - Cunner

Trachinotus falcatus - Permit
Trinectes maculatus - Hogchoker
Urophycis chuss - Red hake

Urophycis regius - Spotted hake
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Table 3. Alphabetical listing by scientific name of all macroinvertebrate taxa collected by fish
and impingement programs from September 1978 through March 1979,

Aequorea spp. - a hydromedusa

Asterias forbesi - a starfish

Bivalvia (class) - bivalve mollusks
Callinectes sapidus - blue crab

Callinectes similis - lesser blue crab

Cancer irroratus - rock crab
Carcinus maenus - green crab

Crangon septemspinosa = sand shrimp

Echinodermata (phylum) - spiny-skinned animals
Holothuroidea (class) - sea cucumbers

Libinia dubia - spider crab

Limulus polyphemus - horseshoe crab

Mytilus edulis - blue mussel
Nemertea (phylum) - ribbon worms
Neopanope sayi - a mud crab
Ovalipes ocellatus = a lady crab
Pagurus spp. = a hermit crab
Palaemonetes vulgaris ~ grass shrimp
Panopeus herbstii - a mud crab
Penaeus aztecus - brown shrimp
Polychaeta (class) - bristle worms
Portuntus gibbesi - a portunid crab
Procambarus acutus - pond crayfish
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Table 14. Description of trawl and seine stations regularly sampled
during Oyster Creek Generating Station Ecological Studies.

Area Sampled:

Depth Sampled:
Current:

Claridty:

Aquatic Vegetation:

Area Sampled:

Beach and Bottom
Composition:

Depth Sampled:

Current:

Clarity:

‘Aquatic Vegetation:

Area Sampled:

Station 1: Cedar Creek Mouth

Trawl

Navigation channel in mouth of Cedar Creek, west
of Intracoastal Waterway can buoy C "63"; tow is
made in mid-channel between flashing light FL "1"
and the third black channel marker inside Cedar
Creek.

1.5 to 2.1 m.

~Very slight, dependent on tide.

Clear to tannic brown.

Zostera marina attached and detrital, Agardhiella,
and Ulva occasional to abundant.

Seine-
Off the easternmost peninsula of the north bank of"
Cedar Creek mouth, area sampled is approximately
100 m of a narrow (5 m) sandy beach on the south
side of the peninsular tip.

Hard-packed sand and gravel; slope very gentle.

0 to 1 m; during extremely high tides entire beach
is submerged to vegetation zone.

Slight, dependent on tide.
Normally clear, turbid with surf.

Scattered beds of Zostera marina; occasional Ulva
and detritus.

Station 4: Forked River Mouth

Trawl

Mouth of Forked River, west of Intracoastal Waterway
mid-channel marker BW N "D1";

tow is made in north
approach channel between buoys 5 and 6 ocutside of

mouth and buoys 9. and 10 inside of mouth.
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Table 14. (cont.)
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Depth Sampled:

Current:

Clarity:

Aquatic Vegetation:

Area Sampled:

Beach and Bottom
Composition:
Depth Sampled:
Current:
Clarity:

Aquatic Vegetation:

1.5 to 2.1 m,

Slight to moderate, westerly due to influence of
OCGS.

Clear to turbid.

Detritus (Zostera marina) none to abundant: Ulva
and Codium none to occasional,

Seine
At the easternmost point of the south bank of
Forked River mouth; area sampled is approximately
100 m of a narrow (5 m) sandy beach in the cove
on the north side of the point.

Soft sand throughout sampling area with frequent
patches of mud; slope gentle,

0 to 1.1 m.
Slight, westerly due to influence of OCGS.
Normally clear.

Occasional patches of Zostera marina; floating
Zostera, Ulva and detritus, occasional to common.

Station 17: Oyster Creek Mouth

Area Sampled:

Depth Sampled:
Current:
Clarity:

Aquatic Vegetation:

Trawl

Mouth of Oyster Creek, due west of Intracoastal

Waterway mid-channel marker BW N "El1"; tow is made

west to east beginning at second black channel
stake located just west of bulkhead on north bank

and ending in vicinity of first channel marker can

and nun,

1.8 to 3.7 m.

Slight to moderate, easterly due to_influence OCGS.

Clear to turbid.

Detritus rare to common; Zostera and Codium fragile

none to occasional; shellhash occasional,

:
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Area Sampled:

Beach and Bottom
Composition:

Depth Sampled:

Current:

Clarity:

Agatic Vegetation:

Seine

North bank of Oyster Creek mouth. Area sampled in
approximately 100 m of a narrow (5 m) sandy beach
immediately east of the bulkhead at the mouth of
Oyster Creek. '

Hard sand and coarse gravel from shore to a depth
of about 0.6 m, becoming soft sand and mud to
edge of sampling area; slope steep.

0tol.2 m,

e

Slight to moderate, easterly due to influence of
OCGS.

Normally clear, turbid with surf.

None attached in immediate sampling area; occasional
floating Zostera marina, Ulva, Codium, and detritus.

: ~Statioh 23: Double Creek Mouth

Area Sampled:

Depth Sampled:
Current:

Clarity:

Aquatic Vegetation:

Areéa Sampled:

Trawl
Mouth of Double Creek, southwest of Intracoastal
Waterway flashing light FL R "68"; tow is made in
mid-channel between the fourth black channel stake
inside Double Creek and the flashing light FL R "2",
2.1 to 3.7 m,
Slight, dependent on tide.

Usually clear.

Zostera marina and detritus, occasional to abundant;
Ulva and Codium fragile occasional to common,

Seine

North bank of mouth of Double Creek, area sampled
is approximately 100 m of a narrow (5 m) sandy

‘beach, located between two groin bulkheads

immediately northwest of Double Creek flashing
light FL-R "2",

R |0 e L |
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Table 14. (cont.)
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Beach and Bottom
Composition:
Depth Sampled:
Current:
Clarity:

Aquatic Vegetation:

Firm sand throughout with some gravel to edge of
sampling area; slope gentle.

0 to 0.8 m.

None to slight.

Clear to turbid.

Attached and floating Zostera marina occasional to
abundant, Codium fragile and detritus occasional

to common; beach often completely covered with a
layer of dead Zostera up to 30 cm thick.
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Table 21 ., Minimum, maximum, and mean length by month and location of a
representative sample of Atlantic menhaden taken in Barnegat
Bay from September 1978 through March 1979.
Length
Month Number Min. Max. Mean Standard Deviation
Oyster Creek '
December 2 . 175 205 190 _ -
Table 22 . Minimum, maximum, and mean length by month and location of a
representative sample of bay anchovy taken in Barnegat Bay
from September 1978 through March 1979.
Length
Month Number Min. Max. Mean Standard Deviation
Cedar Creek
September 104 23 76 48 , 12,5
October 51 38 75 55 11.4
November 51 35 68 43 5.5
December 0 - - - -
January 1 - = 33 -
Forked River
September 113 28 78 50 10.9
October ‘196 34 79 50 11.0
November 96 25 62 43 6.4
December 2 34 38 36 : -
Oyster Creek
September 16 46 76 62 9.2
October 92 30 80 . 47 . 10.2
November 20 35 56 45 5.2
December 19 32 58 40 7.7
January 0 - - - -
February 0 - - - -
March 1 - - 44 -
Double Creek
September 50 28 62 42 5.5
October 50 35 71 53 8.6
November 62 39 73 47 7.1
December 2 38 43 41 —_— -

§
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Table 23 . Minimum, maximum, and mean length by month and location of a
representative sample of Atlantic silverside taken in Barnegat
Bay from September 1978 through March 1979.
Length )
Month Number Min. Max. Mean Standard Deviation
Cedar Creek
September 55 46 81 62 8.7
October 55 62 99 86 8.2
November 19 41 106 76 18.3
December , 19 69 105 91 10.5
January 1 - - 79 -
February 0 - - - -
March 17 52 105 67 11.7
Forked River
September 46 43 94 63 12.2
October 64 35 91 66 11.6
November 100 54 129 82 14.5
December 120 55 137 81 14,4
January 8 61 - 100 79 12.5
February -0 - - - -
March 6 72 118 96 20.6
Oyster Creek
September 59 41 76 63 8.4
October 61 52 98 72 12.5
November 82 30 107 72 12,7
December 62 52 145 81 20.2
January 57 58 117 83 15,5
February 42 59 110 84 14.7
March 67 62 - 142 94 18.2
Double Creek
September 48 51 98 68 11.5
October 48 52 93 68 11.4
" November 42 41 122 72 15.1
December 60 61 113 86 14,1
January 10 57 110 85 13.7
February 0 - - - -
March 2 89 121 105 -
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Table 24 . Minimum, maximum, and mean length by month and location of a
representative sample of threespine stickleback taken in
Barnegat Bay from September 1978 through March 1979.

Length
Month Number Min. Max. Mean Standard Deviation
Cedar Creek
March 1 - - 65 -
Forked River
March 5 57 65 61 | 2.9
Oyster Creek
March 2 62 65 64 -
Double Creek
March - 1 - - - 59 -
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Table 25. Mimimum, maximum, and mean length by month and location of a
representative sample of northern pipefish taken in Barnegat
Bay from September 1978 through March 1979.
. Length
Month Number Min., Max, Mean Standard Deviation
Cedar Creek
September 6 100 173 135 29.5
October 1 - - 135 -
November 14 106 210 141 29.9
December 2 119 150 135 -
January 0 - - - -
February 0 - - - -
March 1 - - “ 167 -
Forked River
September 19 93 190 140 26.5
October 31 75 205 146 32.4
November 44 58 222 163 29.8
December 7 68 180 126 38.2
January 2 91 143 117 -
Oyster Creek
September 3 104 124 112 10.4
October 7 159 184 172 10.2
November 11 103 188 158 23.9
December 8 107 205 159 37.7
Double Creek
September’ 38 49 190 148 34.0
October 28 111 191 160 20.3
November 17 130 192 166 19.1
December 7 110 198 150 31.4
January 2 153 178 166 -
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Table 26 . Minimum, maximum, and mean length by month and location of a

representative sample of bluefish taken in Barnegat Bay from
September 1978 through March 1979.

Length
Month Number Min. Max. Mean Standard Deviation

Cedar Creek

‘September 2 130 141 136 ’ -

October 1 - - 123 -
Forked River

September 1 - - 168 -

October 1 - - 201 -
Oyster Creek

October 2 170 178 174 -
Double Creek

October 1 - : - 120 -

L
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Table 27 .

Minimum, maximum, and mean length by month and location of a
representative sample of weakfish taken in Barnegat Bay from
September 1978 through March 1979.

92

Length
Month Number Min. Max. Mean Standard Deviation
Cedar Creek
September 1 - - 74 -
Forked River
September 33 38 115 70 18.1
October 34 80 139 109 13.9
November 1 - - 54 -
Oyster Creek
September 6 87 215 152 55.9
October 11 65 220 128 40,2
Double Creek
September 1 - - 71 -
3 100 130 111 16ﬁ5

_October
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Table 28 , Minimum, maximum, and mean length by month and location of a
representative sample of northern kingfish taken in Barnegat
Bay from September 1978 through March 1979.

Length
Mogth Number Min. Max., Mean Standard Deviation
Forked River
September 8 112 136 125 8.4
Oyster Creek
September 3 133 158 144 12.7

Table 29 . Minimum, maximum, and mean length by month and location of a
representative sample of summer flounder taken in Barnegat Bay
from September 1978 through March 1979.

_ Length
Month Number Min. Max, Mean Standard Deviation
Cedar Creek
September . 1 - - 240 -

October 1 - 250 -
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Table 30 . Minimum, maximum, and mean length by month and location of a
representative sample of winter flounder taken in Barnegat Bay
from September 1978 through March 1979.
Length
Month Number Min. Max. Mean Standard Deviation
Cedar Creek
September 1 - - 63 -

- October 0 - - - -
November 1 - - 92 -
December 4 90 315 165 101.8
January 1 - - 110 -
February 0 - - - -
March 4 121 270 209 70.1

Forked River
October 2 103 215 159 -
November 6 " 91 166 118 26.8
December 67 78 326 128 60.8
January 9 62 321 169 101.5
February 0 - - - .=
March 40 72 393 138 77.9
Oyster Creek
October 1 - - 79 -

November 5 130 295 215 62.1
December 23 71 132 99 19.7
January 28 64 339 128 70.3
February 1 - - 123 -
March 92 83 302 128 40.9

Double Creek
September 1 - - 66 -
October 0 - - - -

November 7 90 205 118 39.8
December 2 79 110 95 -
January 0 - - - -
February 0 - - - -
March 16 72 321 173 75.1
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Table 31 . Minimum, maximum, and mean length by‘month and location of a
representative sample of northern puffer taken in Barnegat
Bay from September 1978 through March 1979.
Length
Month Number Min. Max, Mean Standard Deviation
Forked River
September 15 89 128 - 107 10.9
Oyster Creek
September 1 : - - 120 -
Double Creek
September 1 - - 140 : -
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Table 32 .

Minimum, maximum, and mean length by month and location of a
representative sample of sand shrimp taken in Barnegat Bay
from September 1978 through March 1979.

Length
Month Number Min. Max. Mean Standard Deviation
Cedar Creek
September 51 23 51 32 6.4
October 17 28 40 33 3.4
November 66 30 61 45 7.3
. December 66 25 57 39 7.7
January 4 30 47 35 8.0
February 0 - - - -
March 12 21 60 35 12.8
Forked River
September 19 17 34 26 5.4
October 136 14 49 29 6.7
November 171 19 59 40 8.7
December 186 22 64 43 9.0
January 116 18 63 34 9.6
February -0 - - - -
March 188 12 60 32 10.7
' Oyster Creek
September 0 - - - -
October 88 17 44 28 5.4
November 140 17 65 35 8.7
December 212 21 65 46 9.1
January 200 12 66 38 11.9
February © 17 22 51 36 8.1
March 201 19 61 35 9.2
Double Creek
September 55 - 19 45 31 5.8
October 28 28 51 39 7.1
November 100 22 58 42 8.0
December 126 21 67 39 9.2
January 51 21 51 31 7.3
February 0 - - - -
March 102 16 58 32 7.4
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Table 33 . Minimum, maximum, and mean length by month and location of a
representative sample of blue crab taken in Barnegat Bay
from September 1978 through March 1979.

Length
Month Number Min. Max. Mean Standard Deviation
Cedar Creek
September 16 54 141 86 . 24,2
October 11 20 94 62 21.4
November 3 41 120 84 40.1
December 1 - - 14 -
Forked River E
September 35 ' 19 150 63 | 131.6 4
October 35 14 150 . 68 45.3 !
November 17 10 47 32 11.7
December ‘ 12 14 58 31 15.9
January 1 - - 38 -
February 0 - - - -
March ‘ 23 ) 10 130 .37 24,2
. . Oyster Cteek
September 48 9 156 59 32.0 i
October 52 5 141 38 : 36.4 : £
November 39 5 184 46 39.7
December 72 5 188 38 27.5
_ January 0 - - - -
February 0 - - - -
March o 14 17 114 60 28.9
Double Creek
September 42 12 130 72 25.9
October 25 43 153~ 98 30.9
November 7 8 87 57 27.6
- 22 -

December 1 -
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Table 34. Seven-month estimate, with 80% confidence interval,Aof important
and common macrozooplankton entrained at the Oyster Creek
Generating Station from 1 September 1978 through 31 March 1979.8

TAXA ENTRAINMENT . CONFIDENCE
(Lifestage) : ESTIMATE + INTERVAL
Total Macrozooplankton : 7.06 x 10° * 1.64 x 10°
Sarsia spp. (no determination) 8.96 x 108 + 1.03 x 109
Total hydromedusae (no determination) 9.06 x 108 + 1.03 x 109
Mnemiopsis leidyi (no determination) ' 5.02 x 108+ 4.44 x 108
Total Ctenophora (no determination) , 5.05 x 108 £ 4.45 x 108 L
Nereis spp. (no determination and epitokes) 3.74 x 106+ 2.04 x 106 E
Total Polychaeta (larval) 1.84 x 108 * 6.18 x 107 %
Total Polychaeta , .
(no determination and gravid) 4,43 x 108 + 3.20 x 108
Leucon americanus 8 7
) (no determination and gravid) 2.01 x 10° * 7.53 x 10
Oxyurostylis smithi : ,
(no determination and gravid) 5.21 x 107 + 2,58 x 107 v
Edotea triloba (no determination and gravid) 3.77 x 107 + 1.81 x 107 ?
Ampelisca spp. (no determination and.gravid) 4.37 x 108 + 1.96 x 108
Microdeutopus gryllotalpa
(no determination and gravid) 1.67 x 108 + 9.85 x 107
Corophium spp. (no determination and gravid) 6.91 x 107 + 2.80 x 107
Caprellidea (no determination and gravid) 6.57x 107 + 3.29 x 107
 Jassa falcata (no determination and gravid) 1.12 x 108 & 7.39 x 107 »
Total Gammarus spp. ' 8 %
(no determination and gravid) 3.20 x 108 +2.59 x 10 E
Total Aﬁphipoda (no determination and gravid) 1.42 x 109 + 4.42 x 108 4
Mysidopsis bigelowi 6
(no determinatiomn) 2.85 x 107 * 9.74 x 10 E
O . . 6 6 )
K Mysidopsis bigelowi (gravid) 2.08 x 10° * 1.64 x 10
Neomysis americana (no determination) 2.31 x 10° + 5.95 x 108 =

ST
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Table 34. (cont.)

TAXA ENTRAINMENT  CONFIDENCE

(Lifestage) ' ESTIMATE + INTERVAL
Neomysis americana (gravid) A 7.57 % lO6 + 6.61 x 106
Palaemonetes spp. (zoeal) 3.47 x 106 + 3,59 x 106
Crangon septemspinosa (zoeal) 5.57 x 108 2.00 x 108

Crangon septemspinosa

(no determination and gravid) 1.43 x 108+ 3.40 x.lO7
Callinectes sapidus (megalopal) - 2,40 x 166 £ 1.33 x 10°
Panopeus hertstii (zoeal) A 4.78 x 106 + 4.39 x lO6 é
Neopanope texana (zoeal) 8.66 x 10% + 8.60 x 106 i
Total Xanthidae (zoeal) | 1.53 x 107 * 1.32 x 107 i
Total Sagitta spp. (no determination) 3.04 x 108 =+ 1.88 x 108

2 ZEstimates were based on data obtained from collections taken at the
condenser discharge (Sta. 11), except for estimates of B. ovata and :
.M. leidyi which were derived from data from collections at the ‘ e
condenser intake (Sta. 7).
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Fig. 1. Sampling locations for biologlcal collections taken for the OCGS

ecological study.
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